OTIC  FILE  COP-7 

AFWAL<TR<88<3026 
VOLUME  II 

AD-A201  839 

DURABILITY  AND  DAMAGE 
TOLERANCE  OF  BiSMALEIMIDE 
COMPOSITES 


VOLUME  II:  APPENDIX  OF  CRACK  GROWTH  AND 
LOW-VELOCITY  IMPACT  DATA 

S.T.  TYAHLA  AND  P  S.  MCCLELLAN  Jrt. 


McDonnell  Aircraft  Company 
McDonnell  Douglas  Corporation 
P.O.  Box  516 
St  Louis,  Missouri  63168 


JUNE  1986 


Final  Report  for  Period  13  September  1985-15  January  1988 


Approved  (or  public  release,  distribution  is  unlimited 


FLIGHT  DYNAMICS  LABORATORY 

AIR  FORCE  WRIGHT  AERONAUTICAL  LABORATORIES 

AIR  FORCE  SYSTEMS  COMMAND 

WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO  <5433-6553 


DTfC 

ELECTE 

NOV  2  9 1383 
<X 


88  11  29  012 


NOTICE 


When  Government  drawings,  specifications ,  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related  Government  procurement  operation , 
the  United  States  Government  thereby  incurs  no  responsibility  nor  any  obligation 
whatsoever:  and  the  fact  that  the  government  may  have  formulated,  furnished,  or  in 
any  way  supplied  the  said  drawings,  specifications ,  or  other  data,  is  not  to  be  re¬ 
garded  by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture 
use,  or  sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 


This  report  has  been  reviewed  by  the  Office  of  Public  Affairs  (ASD/PA)  and  is 
releasable  to  the  National  Technical  Information  Service  (NTIS) .  At  NTIS,  it  will 
be  available  to  the  general  public,  including  foreign  nations . 


This  technical  report  has  been  reviewed. and  is  approved  for  publication . 


FOR  THE 


TONY  GERARD I,  ACTING  CHIEF 

Structural  Integrity  Branch 
Structures  Division 


FREDERICK  DIETRICH,  Colonel,  USAF 
Chief,  Structures  Division 


" If  your  address  has  changed,  if  you  wish  to  be  removed  from  our  mailing  list,  or 
if  the  addressee  is  no  longer  employed  by  you r  organization  please  notify  AFWAL/FIBEG 
w-PAFB ,  OH  45433  to  help  us  maintain  a  current  mailing  list*. 


Copies  of  this  report  should  not  be  returned  unless  return  is  required  by  security 
considerations,  contractual  oblicatiens,  or  notice  on  a  specific  document. 


la.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 

2a.  SECURITY  CLASSIFICATION  AUTHORITY 

2b.  DECLASSIFICATION  /DOWNGRADING  SCHEDULE 

4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

6a.  NAME  OF  PERFORMING  ORGANIZATION 

6b.  OFFICE  SYMBOL 

.McDonnell' Aircraft  Company 
McDonnell  Dcugla*  Corporation 

(If  tppUabh) 

6c  AOORFSS  {Gty,  Sfilte.  and  ZIP  Cod*) 

P.0,  Box  516 

St.  Lou-is*  Missouri  S3T56 

8a.  NAME  OF  FUNDING /SPON'")r"nG 

8b.  OFFICE  SYMBOL 

ORGANIZATION 

(it  »ppik*m 

AFWAL/FIBEC 

Sc  ADDRESS  (City,  State,  iftd  ZIP  Cod*) 

Wright-Patterson  AFB  OH  45433-6553 

REPORT  DOCUMENTATION  PAGE 


lb  RESTRICTIVE  MARKINGS 


3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release;  distribution  is 
unlimited. 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

AFWAl/TR-88-3026,  Vol  II 


(AFWAL/FIBEC) 


7b  ADDRESS  (C/ty,  State,  and  ZIP  Cod*) 

Wright-Patterson 
Ohio  45433 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM  I  PROJECT 
ELEMENT  NO.  |  NO. 


62201 F 


n  title  (inctud*  UKwity  c/aniAcat/on)  Durability  and  Damage  Tolerance  o 
Bismaleimide  Composites  Volume  II:  Appendix  of  Crack  Growth  and  Low  Velocity  Impact  Data 


11.  PERSONAL  AUTHOR(S) 

S.  Timothy  Tyahla  and  Paul  S.  McClellan,  Jr, 


13a.  TYPE  OF  REPORT  final 


'W*i 


16  supplementary  notation 


T»TTbK1-  1  »  rmFrlTlim 


14,  DATE  OF  REPORT  (Y*v,  Month,  Day) 

88  Jun 


WffJ 


Paiinm'M.i 


COSATI  COOES 


GROUP 


0 


1#  SUBJECT  TERMS  on  revarae  It  r*K*u*ty  and  kkntitv  6v  btock  number) 

^Composite  Materials,  Bismaleimide  ,  Fracture  Toughness, 
Tough  Resins  '  Stress  Analysis  , 

Static  Strength/  Low  Energy  Impact. Damage  Tolerance* 


*iS$ACT  {Confirm*  on  rtvtrt*  it  m H*mty  tnd  kkntlty  by  fttodf  number) 

This  program  was  the  evaluation  of  durability  and  damage  tolerance  of  bismaleimide  { 
composites.  BMI  resins  have  been  developed  for  structural  applications  In  350QF  to  450^ 
environments.  This  represents  an  improvement  over  epoxy  resin  capability  of  approximately 
100°F. 

In  Task  I  of  this  program  we  experimentally  evaluated  two  second  generation  BHI 
systems  (IM6/3100  and  IH6/F65Q)  and  compared  their  performance  with  that  of  baseline 
systems  AS1/3501-6  and  T30Q/V378A.  The  intermediate  modulus  fiber  IM6  waS  chosen  as 
the  common  fiber  for  both  material  systems  because  its  high  strength  and  stiffness 
are  properties  that  are  Important  for  future  fighter  design.  X 

In  Task  II  basic  material  properties  were  determined.  The  data  included  moisture 
absorption,  glass  transition  temperature,  thermal  spike  susceptibility,  lamina  properties, 
and  interlaminar  fracture  toughness  test  results.  Lamina  properties  and  fracture  ) 
toughness  test  data  were  used  to  correlate  laminate  behavior  exhibited  in  Task  III. 


20.  DISTRIBUTION /AVAtUOtUTY  OF  ABSTRACT 
□  UNCLASSIFIEOAJNUMITEO  □  SAME  AS  RPT  0OTIC  USERS 

21  ABSTRACT  5ECURITY  CLASSIFICATION 

UNCLASSIFIED 

/Ja  JMtt  OF  RESPONSIBLE  INDIVIDUAL 

tV.  H.  Joseph  Storr 

22b  TELEPHONE  (Mod*  Area  Code) 

(513)  255-6104 

22t  OFFICE  SYMBOL 

AFWAL/FIBEC 

00  FOAM  1473.  M  MAR 


S3  APR  edition  m  ay  be  uttd  until  exhausted 
AU  other  editions  are  obsolete 


SECURITY  CLASSIFICAT‘QN  OF  THIS  PAGE 

UNCLASSIFIED 


UNCLASSIFIED 

19.  Abstract  (cont.) 

In  Task  III  laminate  structural  characterizations  of  IM6/3100  and 
IM6/F650  were  completed.  Tests  were  performed  on  coupons  that  represented 
configurations  found  In  typical  aircraft  designs.  Specimens  were  fabricated  and 
tested  In  notched  and  unnotched  conditions  to  represent  design  applications. 

In  Task  IV  the  better  system  (IM6/3100)  was  chosen  to  fabricate  stiffened 
panels  for  evaluation  of  the  blsmalelmlde's  durability  and  damage  tolerance  In 
a  structural  configuration.  Static  and  fatigue  tests  were  performed  on  panels 
with  and  without  Impact  damage. 


UNCLASSIFIED 


FOREWORD 


The  work  reported  herein  was  performed  by  the  McDonnell  Aircraft  Company 
(MCAIR)  of  the  McDonnell  Douglas  Corporation  (MDC),  St.  Louis,  Missouri, 
under  Air  Force  Contract  F33615-85-C-3212,  "Durability  and  Damage  Tolerance 
of  Bismaleimide  Composites",  for  the  Air  Force  Wright  Aeronautical  Laborator¬ 
ies,  Flight  Dynamics  Laboratory,  Wright-Patterson  Air  Force  Base,  Ohio.  Lt. 
David  L.  Graves  (AFWAL/FIBEC)  and  Lt.  H.  Joseph  Storr  (AFWAL/FIBEC)  were  the 
Air  Force  Project  Engineers.  The  work  described  was  conducted  during  the 
period  13  September  1985  through  15  January  1988. 

The  work  was  managed  by  the  MCAIR  Structural  Research  Department  with 
Harold  D.  Dill  as  Program  Manager  and  S.  Timothy  Tyahla  as  Principal  Investi¬ 
gator.  Program  testing  was  conducted  under  the  direction  of 
Paul  S.  McClellan,  Jr.,  MCAIR  Nonaetallics  and  Chemical  Processes  Laboratory. 


Accession  For 

|~NTIS~  ORAkI " 
1  DTIC  TAB 


UtMmnounoed  Q 
Justification,.. . — 


By- — .  . . . . . 

Plat  v 1  but  ion/ _ _ 

Availability  Codas 
|Avofi‘  and/or 


Dist 


Spec lei 


TABLE  OF  CONTENTS 


Section  Page 

APPENDIX  As  CRACK  GROWTH  PLOTS  .  A-l 

A.  1  CTD  DATA . A-3 

A.  1.1  IH6/3100 . A-A 

A.  1.2  IM6/F650  . A-8 

A.  2  RTD  DATA . A-13 

A. 2.1  IM6/3100 . A-1A 

A.  2. 2  IM6/F650  . A- 18 

A.  3  ETW  DATA  . . . A-23 

A.  3.1  IH6/3100 . A-2A 

A.  3. 2  IM6/F650  A-28 

APPENDIX  B;  IMPACT  DAMAGE/RESIDUAL  STRENGTH  DATA  .  .  .  B-l 

B. l  MAXIMUM  NON-VISIBLE  IMPACT  DAMAGE . B-3 

B. 1.1  Data  Table . .  .  B-A 

B.l. 2  RTD  Data  Sheets . B-5 

B.l. 3  ETW  Data  Shaets . B-A2 

B.2  THIN  LAHINATB  IMPACT  DAMAGE . B-67 

B.2.1  Data  Table . B-68 

B.2. 2  RTD  Data  Shaets . .  B-69 

B.2. 3  ETW  Data  Shaats . B-Ul 

B.3  VISIBLE  IMPACT  DAMAGE . B-137 

B.3.1  Data  Table . B-138 

B.3, 2  RTD  Data  Sheets . B-l 39 

B.3.3  ETW  Data  Sheets . .  .  .  :  -  R-175 


v 


LIST  OP  FIGURES 


Figure  Page 

A-l  IM6/3100  Mode  I  at  CTD  Conditions . A-4 

A-2  IM6/3100  Mixed  Mode  (CLS-63)  at  CTD  Conditions  .  A-5 

A- 3  IM6/3100  Mixed  Mode  (CLS-82)  at  CTD  Conditions  ...  .  A-6 

A-4  IM6/3100  Mode  II  at  CTD  Conditions . A-7 

A-5  IM6/F650  Mode  I  at  CTD  Conditions  .  A-8 

A-6  IM6/F650  Mixed  Mode  (CLS-63)  at  CTD  Conditions  .  A-9 

A-7  IM6/F650  Mixed  Mode  (CLS-82)  at  CTD  Conditions  .  A-10 

A-8  IM6/F650  Mode  II  at  CTD  Conditions . .  A- 11 

A-9  IM6/3100  Mode  I  at  RTD  Conditions . A- 14 

A-10  IH6/3100  Mixed  Mode  (CLS-63)  at  RTD  Conditions  .  A-15 

A-ll  IM6/3100  Mixed  Mode  (CLS-82)  at  RTD  Conditions  .  A-16 

A- 12  1M6/3100  Mode  II  at  RTD  Conditions  . . .  A- 17 

A- 13  IM6/F65Q  Mode  I  at  RTD  Conditions . A- 18 

A-14  IH6/F65Q  Mixed  Mode  (CLS-63)  at  RTD  Conditions  .  A-19 

A-15  IM6/F65Q  Mixed  Mode  (CLS-82)  at  RTD  Conditions  .  A-20 

A-16  IM6/F650  Mode  II  at  RTD  Conditions  ......  .  A-Zl 

A-17  IM6/3100  Mode  I  at  ETW  Conditions . A-24 

A- 18  IM6/3100  Mixed  Mode  (CLS-63)  at  ETW  Condition* . .  .  A-25 

A-19  IH6/3100  Mixed  Mode  (CLS-82)  at  BTW  Conditions  .  .  A-26 

A-20  IM6/3100  Mode  II  at  ETW  Conditions  . . A-27 

A-21  1M6/F650  Mode  I  at  BTW  Conditions . A-28 

A- 22  1H6/F6S0  Mixed  Mode  (CLS-63)  at  ETW  Conditions  . .  .  A-29 

A-23  IH6/P650  Mixed  Mode  (CLS-82)  at  BTW  Conditions  .......  A-30 

A-24  XH6/F650  Mode  II  at  ETW  Conditions . A-31 


LIST  OP  FIGURES  (Continued) 


Figure  Page 

B-l  Definition  of  Panel  Strain  Gage  Locations  .  ....  B-2 

B-2  Maximum  Mon-visible  Impact  Damage  Data  Table  . B-A 

B-3  Panel  1-12-2  Impact  Response  Data  .  B-5 

B-A  Panel  1-12-2  C-scan  ..........  .  B-6 

B-S  Panel  1-12-2  Residual  Compression  Data  ...  .  B-7 

B-6  Panel  1-11-2  Impact  Response  Data  .  B-8 

B-7  Panel  1-11-2  C-scan  .  B-9 

B-8  Panel  1-11-2  Residual  Compression  Data  ....  .  B-10 

B-9  Panel  1-13-1  First  Impact  Response  Data  ..........  B-ll 

B-10  Panel  1-13-1  Second  Impact  Response  Data  .  B-12 

B-ll  Panel  1-13-1  C-scan  .  ......  .  B-13 

B-12  Panel  1-13-1  Residual  Compression  Data  ...........  B-1A 

B-13  Panel  1-1A-2  Impact  Response  Data  .  B-15 

B-1A  Panel  1-1A-2  C-scan  .  ..................  .  B-16 

B-15  Panel  1-1A-2  Residual  Compression  Data  .....  .  B-17 

B-16  Panel  1-20-2  Impact  Response  Data  .............  B-18 

B-17  Panel  1-20-2  C-scan  .....  . B-19 

B-18  Panel  1-20-2  Residual  Comprasslon  Data  ...........  B-20 

B-19  Panel  1-15-2  Impact  Response  Data . . . B-21 

B-20  C-scan . . .  B-22 

B-21  Panel  1-15-2  Residual  Compression  Data  .  .  B-23 

B-22  Panel  2-12-2  Impact  Response  Data  .  .....  B-2 A 

B-23  Panel  2-12-2  C-scan . B-25 

B-2A  Panel  2-12-2  Residual  Compression  Data  .  B-26 

B-25  Panel  2-11-3  Impact  Response  Data . . .  B-27 

B-26  Panel  2-11-3  C-scan  .  B-28 

B-27  Panel  2-11-3  Residual  Compression  Data  .  B-29 

B-28  Panel  2-13-1  Impact  Response  Data . . . B-30 

B-29  Panel  2-13-1  C-scan . B-31 

B-30  Panel  2-13-1  Residual  Compression  Data  .  B-32 

B-31  Panel  2-1A-1  Impact  Response  Data  .  B-33 

B-32  Panel  2-1A-1  C-scan  .  B-3A 


viii 


LIST  OF  FIGURES  (Continued) 


Figure  Page 

B-33  Panel  2-14-1  Residual  Compression  Data  .  B-35 

B-34  Panel  2-20-2  Impact  Response  Data  .  B-36 

B-35  Panel  2-20-2  C-scan  .  B-37 

B-36  Panel  2-20-2  Residual  Compression  Data  .  B-38 

B-37  Panel  2-15-2  Impact  Response  Data  . B-39 

B-38  Panel  2-15-2  C-scan  .  ...........  B-40 

B-39  Panel  2-15-2  Residual  Compression  Data . B-41 

B-40  Panel  1-12-4  Impact  Response  Data  .  B-42 

B-41  Panel  1-12-4  Residual  Compression  Data  .  ...  B-43 

B-42  Panel  1-11-5  Impact  Response  Data  .  B-44 

3-43  Panel  1-11-5  Residual  Compression  Data  ...........  B-45 

B-44  Panel  1-13-4  Impact  Response  Data  .............  B-46 

B-45  Panel  1-13-4  Residual  Compression  Data  ......  .  B-47 

B-46  Panel  1-14-4  Impact  Response  Data . . B-48 

B-47  Panel  1-14-4  Residual  Compression  Data  .  B-49 

B-48  Panel  1-20-4  Impact  Response  Data  ......  .  B-50 

B-49  Panel  1-20-4  Residual  Compression  Data  ...........  B-Sl 

B-50  Panel  1-15-4  First  Impact  Response  Date  .....  .  B-52 

B-Sl  Panel  1-15-4  Second  Impact  Response  Data  ..........  B-53 

B-52  Panel  1-15-4  Residual  Compression  Data  ...........  B-S4 

B-S3  Panel  2-12-5  Impact  Response  Data  .  B-55 

B-54  Panel  2-12-5  Residual  Compression  Data  ....  B-56 

B-55  Panel  2-11-6  Impact  Response  Data  ...  B-57 

B-56  Panel  2-11-6  Residual  Compression  Data  ...........  B-58 

B-57  Panel  2-13-5  Impact  Response  Data  .............  B-59 

B-58  Panel  2-13-5  Residual  Compression  Data  .....  B-60 

B-59  Panel  2-14-5  Impact  Response  Data  .  B-61 

B-60  Panel  2-14-5  Residual  Compression  Data  .  . B-62 

B-61  Panel  2-20-4  Impact  Response  Data  .............  B-63 

B-62  Panel  2-20-4  Residual  Compression  Data  ...  B-64 

B-63  Panel  2-1S-4  Impact  Response  Data  .  B-65 

ix 


LIST  OF  FIGURES  (Continued) 


Figure  Page 

B-64  Panel  2-15-4  Residual  Compression  Data  .  B-66 

B-65  Thin  Laminate  Impact  Damage  Data  Table . .  B-68 

B-66  Panel  1-16-2  First  Impact  Response  Data  .  B-69 

B-67  Panel  1-16-2  Second  Impaet  Response  Data  .  B-70 

B-68  Panel  1-16-2  C-scan  .  B-71 

B-69  Panel  1-16-2  Residual  Compression  Data  .  B-72 

B-70  Panel  1-12A-1  First  Impact  Response  Data  .....  .  B-73 

B-71  Panel  1-12A-1  Second  Impact  Response  Data  .  ....  B-74 

B-72  Panel  1-12A-1  C-scan  . . B-75 

B-73  Panel  1-12A-1  Residual  Compression  Data . B  76 

B-74  Panel  1-17-2  Impact  Response  Data . B-77 

B-75  Panel  1-17-2  C-scan  .  B-78 

B-76  Panel  1-17-2  Residual  Compression  Data  .....  .  B-79 

B-77  Panel  1-18-1  Impact  Response  Data . B-80 

B-78  Panel  1-18-1  C-scan . B-81 

B-79  Panel  1-18-1  Residual  Compression  Data  .....  .  B-82 

B-80  Panel  1-14A-1  First  Impact  Response  Deta  .  8-83 

B-81  Panel  1-14A-1  Second  Impact  Response  Data  .  ...  B-84 

B-82  Panel  1-14A-1  C-scan  .  B-85 

B-83  Panel  1-14A-1  Residupl  Compression  Data  ..........  3-86 

B-8*  Panel  1-19-2  First  Impact  Response  Data  .  B-87 

B-85  Panel  1-19-2  Second  Impact  Response  Data . B-88 

B-86  Panel  1-19-2  C-scan  .  B-89 

B-87  Panel  1-19-2  Residual  Compression  Data  .  B-90 

B-88  Panel  2-16*1  Impact  Response  Data  . . B-91 

B-89  Panel  2-16-1  C-scan . B-92 

B-90  Panel  2-16-1  Residual  Compression  Data  .  B-93 

B-91  Panel  2-12A-1  Impact  Response  Data  .  B-94 

B-92  Panel  2-12A-1  C-scan . B-95 

B-93  Panel  2-12A-1  Residual  Compression  Data  .  B-96 

B-94  Panel  2-17-2  Impact  Response  Data.  .............  B-97 

B-95  Panel  2-17-2  C-scan  .  B-98 

x 


LIST  OF  FIGURES  (Continued) 


Figure  Page 

B-96  Panel  2-17-2  Residual  Coapression  Data  .  ....  B-99 

B-97  Panel  2-18-2  Impact  Response  Data  .....  .  B-100 

B-98  Panel  2-18-2  C-scan  .  B-101 

B-99  Panel  2-18-2  Residual  Coapression  Data  .  B-102 

B-100  Panel  2-14A-1  First  Impact  Response  Data  .  B-103 

B-101  Panel  2-lAA-i  Second  Impact  Response  Data  .  ....  B-104 

B-102  Panel  2-14A-1  C-scan . B-105 

B-103  Panel  2-14A-1  Residual  Coapression  Datf  .....  .  B-106 

B-104  Panel  2-19-2  First  Impact  Response  Data  .  .....  B-107 

B-105  Panel  2-19-2  Second  Iapact  Response  Data  . B-108 

B-106  Panel  2-19-2  C-scan  ....................  B-109 

B-107  Panel  2-19-2  Residual  Coapression  Data  .....  .  .  B-110 

B-108  Panel  1-16-4  Iapact  Response  Data  .  .  B-lli 

B-109  Panel  1-16-4  Residual  Coapression  Data  . . B-112 

B-110  Panel  1-12A-5  Iapact  Response  Data  ....  .  SB-113 

B-111  Panel  1-12A-5  Residual  Compression  Data . B-114 

B-112  Panel  1-17-5  Iapact  Response  Data  .  B-llS 

8-113  Panel  1-17-5  Residual  Compression  Data . B-U6 

B-114  Panel  1-18-6  Impact  Response  Date  . B-117 

B-115  Panel  1-18-6  Residual  Coapression  Data . «...  B-118 

B-116  Panel  1-14A-4  Impact  Response  Date  . B-H9 

B-117  Panel  1-14A-4  Residual  Compression  Data  .  B-120 

B-118  Panel  1-19-5  First  Impact  Response  Data  .  B-121 

B- 119  Panel  1-19-5  Second  Impact  Response  Data  ..........  B-122 

B-120  Panel  1-19-5  Residual  Compression  Data  . . B-123 

B-121  Panel  2-16-5  Impact  Response  Data  .....  .  .  8-124 

B-122  Panel  2-16-5  Residual  Coapression  Data  ....  .  .  B-12S 

B-123  Panel  2-12A-4  Impact  Response  Data  .  B-126 

B-124  Panel  2-12A-4  Residual  Compression  Data  .  B- 127 

B-12S  Panel  2-17-6  Impact  Response  Data  .  B-128 

B-126  Panel  2-17-6  Residual  Compression  Data . B-129 

B-127  Panel  2-18-S  Impact  Response  Data  .............  B-130 

xi 


# 


LIST  OF  FIGURES  (Continued) 


Figure  Page 

B-128  Panel  2-18-5  Residual  Compression  Data  .  .  ,  .  B-131 

B-129  Panel  2-14A-5  First  Impact  Response  Data  .  B-132 

B- 130  Panel  2-14A-5  Second  Impact  Response  Data  .  B-133 

3-131  Panel  2-14A-5  Residual  Compression  Data  ..........  B-134 

B-132  Panel  2-19-6  Impact  Response  Data  .  ....  B-135 

B-133  Panel  2-19-6  Residual  Compression  Data  .....  .  B-136 

B-134  Visible  Impact  Damage  Data  Table  ..............  B-138 

B-135  Panel  1-12-8  Impact  Response  Data  .  B-139 

B-136  Panel  1-12-8  C-scan . B-140 

B- 137  Panel  1-12-8  Residual  Compression  Data  .  B-141 

B-138  Panel  1-11-8  Impact  Response  Data  ......  .  ,  .  B-142 

B-139  Panel  1-11-8  C-scan  .  8-143 

B-140  Panel  1-11-8  Residual  Compression  Data  ....  .  8-144 

B-141  Panel  1-13-8  Impact  Response  Data . B-145 

B-142  Panel  1-13-8  C-scan . B-146 

B-143  Panel  1-13-8  Residual  Compression  Data  ...........  8-147 

B-144  Panel  1-14-9  Impact  Response  Data  .............  B-148 

B-145  Panel  1-14-9  C-scan  . . B-149 

B-146  Panel  1-14-9  Residual  Compression  Data  .  .....  B-iSQ 

B-147  Panel  1-20-8  Impact  Response  Data . .  B- 1  SI 

B-148  Panel  1-20-8  C-scan  . B-152 

B-149  Panel  1-20-8  Residual  Compression  Data  . 8-153 

B-150  Panel  1-15-7  Impact  Response  Data  .............  8-154 

B-151  Panel  1-15-7  C-scan  ..............  .  8-155 

8-152  Panel  1-15-7  Residual  Compression  Data  ......  .  B-156 

8-153  Panel  2-12-9  Impact  Response  Data  . B-1S7 

B-154  Panel  2-12-9  C-scan  ........  .  B-158 

8-155  Panel  2-12-9  Residual  Compression  Data  . . 8-1S9 

8-156  Panel  2-11-9  Impact  Response  Data  .  ......  8*160 

B-157  Panel  2-11-9  C-scan . . . B- 161 

8- 158  Panel  2-11-9  Residual  Compression  Data  .  8-162 

8-159  Panel  2-13-7  Impact  Response  Data  .............  8-163 

rii 


LIST  OF  FIGURES  (Continued) 


Figure  Page 

B-160  Panel  2-13-7  C-scan  .....  .  B-164 

B-161  Panel  2-13-7  Residual  Compression  Data  .  B-165 

B-162  Panel  2-14-8  Impact  Response  Data  .  .  .  . . B-166 

B-163  Panel  2-14-8  C-scan  .  B-167 

B-164  Panel  2-14-8  Residual  Compression  Data  .  B-168 

B-165  Panel  2-20-7  Impact  Response  Data  .  B-169 

B-166  Panel  2-20-7  C-scan  .  B-170 

B-167  Panel  2-20-7  Residual  Compression  Data  .  B-171 

B-168  Panel  2-15-8  Impact  Response  Data  .  B-172 

B-169  Panel  2-15-8  C-scan  .  B-173 

B-170  Panel  2-15-8  Residual  Compression  Data  .  ....  B-174 

B-171  Panel  1-12-12  Impact  Response  Data . B-175 

B-172  Panel  1-12-12  Residual  Compression  Data  .  B-176 

•'  B-173  Panel  1-11-12  Impact  Response  Data . B-177 

> 

_  B-174  Panel  1-11-12  Residual  Compression  Data  .  .  .  B-178 

B-175  Panel  1-13-12  Impact  Response  Data  .  B-179 

B-176  Panel  1-13-12  Residual  Compression  Data  .  . . B-180 

B-177  Panel  1-14-11  Impact  Response  Data . B- 181 

B-178  Panel  1-14-11  Residual  Compression  Data  .  ....  B-182 

B-179  Panel  1-20-11  Impact  Response  Data  .  B-183 

B-180  Panel  1-20-11  Residual  Compression  Data  .  B-184 

B- 181  Panel  1-15-11  Impact  Response  Data . .  .  B-185 

B-182  Panel  1-15-11  Residual  Compression  Data  ..........  B-186 

B-183  Panel  2-12-11  Impact  Response  Data . .  B- 187 

B-184  Panel  2-12-11  Residual  Compression  Data  ....  .  B-188 

B-185  Panel  2-11-11  Impact  Response  Data . B-189 

B-186  Panel  2-11-11  Residual  Compression  Data  .  ....  B-190 

B-187  Panel  2-13-11  Impact  Response  Data . B- 191 

B-188  Panel  2-13-11  Residual  Compression  Data  .  ....  B-192 

B-189  Panel  2-14-11  Impact  Response  Data  ....  .  B-193 

B-190  Panel  2-14-11  Residual  Compression  Data  ...  .  B-194 

B- 191  Panel  2-20-12  Impact  Response  Data  .  .  .  . . '  B-195 


xiii 


LIST  OP  FIGURES  (Concluded) 


Figure  Page 

B-192  Panel  2-20-12  Residual  Compression  Data  ....  .  B-196 

B-193  Panel  2-15-10  Impact  Response  Data  .  B-197 

B-194  Panel  2-15-10  Residual  Compression  Data  . . B-198 


xiv 


APPENDIX  A 


CRACK  GROWTH  PLOTS 


A-l 


A.l  CTD  DATA 


A-3 


I  N/CYCLE  ) 

!0‘4  10" 


MODE  I  CRACK  GROWTH  DATA 
IM6/3I00  --  CTD  ENVIRONMENT 


MIXED  MODE  CRACK  GROWTH  DATA  --  CLS-82 
IM6/3100  --  CTD  ENVIRONMENT 


CM 

I 

O 


Fifty*  A*3.  IM6/3100  Ml xtd  Modi  (CLS42)  it  CTO  Conditions 


DA/DN  ( I N/CYC 
I0"6  10-5 


MODE  I  CRACK  GROWTH  DATA 
I M6/F650  --  CTD  ENVIRONMENT 


K> 

I 

o 


Flflur*  A-5.  IM6/F680  Mod*  I  *1  CTO  Condition* 


MIXED  MODE  CRACK  GROWTH  DATA  --  CLS-63 
I M6/F650  --  CTD  ENVIRONMENT 


<N 

I 

o 


Flour*  A4.  IM6SF650  MU«d  Modi  (CLS43)  at  CTO  CondlUona 


MIXED  MODE  CRACK  GROWTH  DATA  --  CLS-82 
I M6/F650  --  CTD  ENVIRONMENT 


I 

o 


Flflur*  A-7.  IM6/F850  Mlx*d  Mod*  (CLS62J  at  CTO  Condition* 


DA/DN  ( I N/CYCL 


MODE  I  I  CRACK  GROWTH  DATA 
I M6/F650  --  CTD  ENVIRONMENT 


ro 

i 

O 


10"'  10°  I01 

DELTA  G  (  I N-LBS/ 1 N* *2  ) 


Flgurt  A4.  IM1VF650  Mod*  II  at  CTO  Condition* 


A. 2  KTD  DATA 


XEO  MODE  CRACK  GROWTH  DAT/.  --  CLS-82 
IM6/3I00  --  RTD  ENVIRONMENT 


<\J 

I 

o 


ro 
UJ  ' 

iO 


o 

>* 

o 


:z 


I 


2:0 

Q  ~ 


< 

o 


in 

o 


Figuit  Ml.  ill 6/3100  MU*d  Mod*  {CIS-62)  at  RTD  Condition* 


DA/DN  (  I N/CYCLE  ) 


-01  fr-Ol  g-0 l  9-01 

(  3  "10 A3 /N  I  )  NQ/VQ 


MODE  I  CRACK  GROWTH  DATA 
I M6/F650  --  RTD  ENVIRONMENT 


Figure  A-13.  IM8/F8S0  Mode '  at  RTD  Condition* 


MOOE  I  I  CRACK  GROWTH  DATA 
I M6/F650  --  RTD  ENVIRONMENT 


fO 

I 

o 


I0'1  10°  1O1 

DELTA  G  (  I N-IBS/ I N**2  ) 
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APPENDIX  B 

...  IMPACT  DAMAGE/RESIDUAL  STRENGTH  DATA 

The  low-velocity  impact  damage  work  performed  on  11  inch  by  7  inch  panels 
is  summarized  in  this  appendix.  The  data  is  separated  into  the  three  groups: 
maximum  non-visible  damage,  thin  laminate  damage,  and  visible  damage.  Each 
section  includes  a  summary  table  listing  data  for  one  representative  panel 
from  each  of  the  test  conditions.  Each  table  is  followed  by  three  types  of 
data  sheets  for  the  RTD  panels  included  in  the  table.  The  first  type  of  data 
sheet  shows  plots  of  acceleration  and  back-surface  strain  as  functions  of 
time  (during  impact).  In  some  cases,  two  impacts  were  done  on  a  panel  when 
the  first  impact  failed  to  produce  sufficient  damage.  For  those  panels, 
there  are  two  sheets  showing  plots  of  acceleration  and  back-surface  strain. 
The  second  type  of  sheet  shows  a  C-scan  of  the  impact  damage.  The  third  type 
of  sheet  shows  a  load  vs.  strain  plot  for  five  strain  gages  that  monitored 
the  residual  compression  behavior  of  each  panel. 

C-scans  are  not  included  for  panels  tested  under  ETW  conditions  for 
residual  compression  strength.  Since  these  panels  were  impacted  under  RTD 
conditions,  the  C-scans  would  not  be  significantly  different  from  the  C-scans 
reported  for  analogous  RTD  panels. 

The  summary  table  includes  three  impact  energy  levels.  Nominal  impact 
energy  is  the  level  that  was  targeted  for  the  panel.  Potential  impact  energy 
is  the  energy  baaed  on  the  height  and  weight  of  the  impactor.  Kinetic  impact 
energy  is  the  energy  based  on  the  mass  of  the  impactor  and  its  velocity  as 
measured  by  optical  sensors  just  prior  to  striking  the  panel  surface.  The 
impact  energies  are  followed  by  the  maximum  acceleration  (G  )  and  the 
maximum  back-surface  bending  strain  (eMX)  that  occurred  during  impact. 
Maximum  load  can  be  determined  by  multiplying  impactor  weight  by  G  .  Dent 
depth  and  delamination  width  (from  C-scans)  describe  the  impact  damage  state. 
Finally  residual  strength  and  strain  are  listed. 

The  third  data  sheet  for  each  panel  shows  a  load-strain  plot  for  the  five 
locations  shown  in  Figure  B-l.  The  symbol  labeled  FFAR  on  the  plot  repre¬ 
sents  the  front-face  ( impact  side)  far  field  strain  response.  The  symbols 


FSID  and  BSXD  represent  the  strain  responses,  1  inch  in  from  the  side  of  the 
panel,  on  the  front-face  and  back-face  of  the  panel  respectively.  The 
symbols  FDEL  and  BDEL  represent  the  strain  responses  adjacent  to  the  impact 
delamination  on  the  front-face  and  back-face  of  the  panel  respectively. 


Not**:  (1)  FFAR  «  Front,  Far-RaW  Strain 

(2)  FDEL  *  Front,  Mamlnaiion  Edge  Strain 

(3)  BDEL  ■  Back,  Datamlnadon  Edga  Strain 
4)  FSID  ■  Front,  Pant)  Sid#  Stain 

(5)  BSID  «  Back,  Panal  Sid#  Strain 


Figure  B*1.  Definition  of  Panel  Strain  Gage  Locations 
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Figure  8-2.  Maximum  NorvVIaible  impact  Damage  Data  Table 
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Figure  B*8.  Panel  1*11*2  Impact  Reeponee  Date 
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Figure  B*10.  Panel  1*13*1  Second  Impact  Reaponse  Data 
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Figure  B-13.  Panel  1-14-2  Impact  Response  Data 
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Figure  B-18.  Panel  1*20-2  impact  Response  Data 
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Figure  B-18.  Panel  1-20-2  Residual  Compression  Data 
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INTEGRATED  TOTAL  VELOCITY  202.55  IN/SEC 


O  1  2  3  4  S 

TIME  CMILLX8EC0ND3) 


MAXIMUM  STRAIN  8442.8  UIN/IN 


fleurtB<22.  Panel  2-12-2  Impact  Raapoitaa  Data 


CSAi  -  IM6/F650 

PANEL  2-12-2  (RTD) 


(epuoenoi4i) 
[Nl/Nin]  NlVdlS 


B-26 


LOAD  [KIPS] 

FFAR  +  FSiD  O  BSiD 


LVID  SPECIMEN  OfVTF* 


MATERIAL  SYSTEM  IM6/F&50 _ 

SPEC I MEN  I.D.  2-11-3  TH I CKNE8S  .216  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  23.3  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  165.79  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


Figure  6-25.  Panel  2-11*3  Impact  Response  Data 

B-27 


N'“OOllDfs‘(Otf)'tlOM<-0»“CMiOti,in(0(vn)  £ 

I  I  I  I  I  I  I  I  U. 


(spuosnoMi) 

Cni/nio]  Ntvyis 
B-29 


rtomnrassion  Data 


LVID  SPECIMEN  DAT^ 


MATERIAL  SYSTEM  IM6/F6S0 

SPECIMEN  I.D.  2-13-1 _  THICKNESS  ,436  IN 

DROP  CARRIAGE  NT.  7.8?  LBS  DROP  HEIGHT  32.6  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  208.11  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


Figure  B-2&  Panel  2-13*1  Impact  Response  Data 
B-30 


CSA!  -  IM6/F650 

PANEL  2-13-1  (RTD) 


(spuosnoMx) 
[Nl/Nin]  NIV&LS 


B-32 


Figure  B-30.  Pinal  2-13-1  Residual  Compression  Data 


I_ V  I  E>  SPEC  I  MEN  DATA 


MATERIAL  SYSTEM  IM6/F6S0 

SPECIMEN  I.D.  _  THICKNESS  jjj  IN 

DROP  CARRIAGE  WT«  3^  LBS  DROP  HEIGHT  ;n.3  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  IN/ SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  i4fil fl  UIN/IN 


Figure  B*31.  Panel  2*14-1  Impact  Raaponaa  Data 

B-33 


Specimen  2-14-1 
Figure  8*32.  P*n«l  2*14*1  CSc*n 


B-34 


CSAI  -  IM6/F650 

PANEL  2-14-1  (RTD) 


(Bpuoenoiji.) 
[Nl/Nin]  NtVM.CS 


B-35 


LOAD  [KIPS] 

FFAR  +  FSfD  «►  BSiD  A  FDEL  X  BDEL 

Figure  B-33.  Panel  2-14-1  Residua!  Compression  Data 


LVID  SPEC I MEN  DATA 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.D.  2-20-2 _  THICKNESS  .219  IN 

DROP  CARRIAGE  WT.  7.82  LBS  DROP  HEIGHT  16. 3  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  150  IN/BEC 


PANEL  STRAIN  VERSUS  TIME 


# 


Plgura  B-34.  Penal  2*20*2  Impact  Reaponte  Data 
B-36 


Sptolarea  2-20-2 
Figure  B-35.  Pan* I  2-20*2  C-Sc«n 


B-37 


(spuoenom) 
[N!/Nin]  Nivyis 


B-38 


Figure  B-36. 


LVID 


X  MEN  DATA 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.P,  2-15-2 _  THICKNESS  .4  43  IM 

DROP  CARRIAGE  NT.  19.47  LBS  DROP  HEIGHT  23 _ IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  202.49  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


Figure  8*37.  Panal  2*15*2  Impact  Raaponaa  Data 
B-39 


Specimen  2-15*2 
Ftgur*  B*33,  Ptnti  2*15*2  C*Sc*n 

B-40 


\i  -  IM6/F650 

PANEL  2-15-2  (RTD) 


LOAD  [KIPS] 

3ID  0  BSID  A  F 

Figure  B-39.  Panel  2-15-2  Residual  Compression  Data 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM&/3100 

SPECIMEN  I.D.  1-12-4 _ _  THICKNESS  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  26  * 7  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  241.46  xn/BEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  15068  UIN/IN 


Figure  8*40.  Panel  1*12*4  Impact  Rwaponsa  Data 
B-42 


CSA 


Figure  B-41. 


V  I  D  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-11-5 _  THICKNESS  .222  IN 

DROP  CARRIAGE  WT.  3.83  LB8  DROP  HEIGHT  46.7  in 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  260.65  XN/8EC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STPAIN  15742  UIN/IN 

Flour*  B*42.  Panel  1*11*8  Impaot  Response  Data 
B-44 


(epuosnoMi) 

[Nl/Nin]  niv&ls 


B-45 


LVID 


X  MEN  Ty&Tf* 


MATERIAL  9Y8TEM  IM6/3100 

SPECIMEN  I.D.  1-13-4 _  THICKNESS  .449  IN 

DROP  CARRIAGE  WT.  7.82  LBS  DROP  HEIGHT  37.5  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  257.6  IN/ SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  1Q580  UIN/IN 

Figure  B44.  Panel  1*13-4  Impact  Raaponea  Data 
B-46 


# 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.P.  1-14-4 _  THICKNESS  .110  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  46.7  IN 


ACCELERATION  VERSU8  TIME 


INTEGRATED  TOTAL  VELOCITY  276.79  IN/SEC 

4  *  - ! - 


PANEL  STRAIN  VERSUS  TIME 


..>.11,-.— I.llll  ......I. . .  . .  .  . .  I  Ml. . A  . .  .  «- 

0  12  3  4 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  18160  UIN/IN 

Flgun  B*48.  Panel  1-14*4  Impact  Response  Date 


BDEL 


LV £  D  SPEC I MEM  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-20-4 _  THICKNESS  .225  IN 

DROP  CARRIAGE  WT.  7.82  LBS  DROP  HEIGHT  37.5  IN 


ACCELERAT ION  VERSU8  TI ME 


INTEGRATED  TOTAL  VELOCITY  252.85  IN/ SEC 


PANEL  STRAIN  VERBUB  TIME 


Figure  B48.  Pinal  1*204  Impact  Raaponaa  Data 
B-50 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/3100 
SPECIMEN  I.D.  1-15-4 . 1 
DROP  CARRIAGE  WT.  7.82  LBS 


THICKNEBB  .451  IN 
DROP  HEIGHT  37.5  IN 


ACCELERATION  VERSUS  TIME 


ACCELERATION 


MINL- _ _ _ , _ 1 . . _ _ > .  *  1 

O  1  2  3  4  S 

TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  -375  q*»  MAXIMUM  ACCELERATION  962.9  q’» 

INTEGRATED  TOTAL  VELOCITY  230.37  IN/8EC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  9100  UIN/IN 


2  3 

TIME  (MILLISECONDS) 


Figure  8*60.  Panal  1*154  Ftret  Impact  Raspon**  DaU 


l_V/»  I  D 


I  MEN  DATA 


MATERIAL  SYSTEM  IM6/3100 


SPECIMEN  X.D.  1-15-4.2 


THICKNESS  .451  IN 


DROP  CARR1AQE  WT.  7.82  LBS 


DROP  HEIGHT  37 .5  IN 


ACCELERATION  VERSUS  TIME 


ACCEPTATION 


. . . y, . 

0  12  3  4  3 

TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  "’37  q’»  MAXIMUM  ACCELERATION  583 >9  9*m 

INTEGRATED  TOTAL  VELOCITY  232.58  in/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  9520  U1N/IN 


2  3 

TIME  (MILLISECONDS) 


Pleura  B-51.  Panal  1*154  Second  Impact  Raaponta  Data 


LV I D  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/F6S0 

SPECIMEN  I.D.  o_io_g  _  THICKNESS  ms  IN 

DROP  CARRIAGE  WT.  ,  fl1  LBS  DROP  HEIGHT  ?n,n  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  ^7  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  UIN/IN 


Figure  B-53.  Panel  2-1 2*6  Impact  Raaponta  Data 
B-55 


(spuosnom) 
[Nl/Nin]  NIVHLS 


B-56 


FI  flu  r#  B-54.  Pan*!  2-12-5  ft**Wu*J  Compression  Drti. 


LVID  SPEC I MEN  DATA 


MATERIAL  S Y STEM  IM6/F650 

SPECIMEN  I.D.  2-11-6 _ 

CROP  CARRIAGE  WT.  3.83  LBS 


THICKNESS  .216  IN 
DROP  HEIGHT  23.3  IN 


ACCELERATION  VERSUS  TIME 


ACCELERATION 


_ I-..., _ _ -  _ _ 1 

0  1  2  3  4  3 

TIME  (HILL I SECONDS) 

MINIMUM  ACCELERATION  -321  Q*  MAXIMUM  ACCELERATION  649.41  q*» 
INTEGRATED  TOTAL  VELOCITY  169.14  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 


MAXIMUM  STRAIN  96S1.6  UIN/IN 


Ftflur*  B-55.  Pan*)  2*1141  Impact  Raapona*  Data 


(opuoanoqx) 
[Nl/NIfl]  NlVdlS 


B-58 


Flguim  B-SB.  Penal  2-11-6 


LVID 


I  MEM  DATA 


MATERIAL  SYSTEM  IM6/F6S0 

SPECIMEN  I.D.  _  THICKNESS  .436  IN 

DROP  CARRIAGE  WT.  - .  fl  ?  LBS  DROP  HEIGHT  24.5  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  Ufi.fll  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


Figur*  8*57.  Panal  2-13*5  impact  Rasponaa  Data 

B-59 


(epuoenoMx) 
[Nl/Nin]  nivbis 


B-60 


LOAD  [KJPS] 

FFAR  +  FS1D  C  BS1D  A  F 

Flgur*  B-sa.  Panat  2-13-5  Residual  Compression  Data 


LVID  SPEC X  MEN  DATA 


MATERIAL  SYSTEM  IM&/F650 

SPECIMEN  I.D.  _  THICKNESS  n1  IN 

DROP  CARRIAGE  NT.  3  LBS  DROP  HEIGHT  „  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  198.36 IN/8EC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  13156  UIN/IN 

Figure  B-58.  Panal  2*144  Impact  Raaponat  Data 

B-61 


9 


CSAI  -  IM6/F650 

PANEL  2-14-5  (ETW) 


(BpUDOnom) 
[Nl/Nin]  NiVdlS 


8-62 


Rflure  B'60l  Panel  2-14-5  RasWuai  Compression  Dels 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.P.  2-20-4 _  THICKNESS  .219  IN 

DROP  CARRIAGE  WT.  7.82  LBS  DROP  HEIGHT  16.3  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  *50.2  in/BEC 


PANEL  STRAIN  VERSUS  TIME 


Flgur*  B-61.  Panel  2*20*4  Impact  Raaponaa  Data 

B-63 


CSAI  -  IM6/F650 

PANEL  2-20-4  (ETW) 


Figure  B 42.  Panel  2-20-4  Residual  Compression  Data 


LV X  D  SPECIMEN  DATA 


MATERIAL  SY8TEM  1M6/F650 

SPECIMEN  I.D.  2-15-4 _  THICKNESS  .441  IN 

DROP  CARRIAGE  WT.  7.82  LBS  DROP  HEIGHT  66 . 1  IN 


ACCELERATION  VERSUS  TIME 


TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  *502  q  »  MAXIMUM  ACCELERATION  927  q«» 

INTEGRATED  TOTAL  VELOCITY  281,65  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


Rgur*  B<83.  Pana)  2-154  Impact  Raaponsa  Data 
8-65 


Rtsiduat  Compression  Data 


B.2  THIN  LAMINATE  IMPACT  DAMAGE 


M«*W 

SptdiWt 

NiAfev 

UW 
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t-16-2 
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5 

5.33 

5.26 
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1.420 
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0.2 

11.5 

1.800 

1U6/3100 

H2A-1 

0/100/0 

0.045 

3.83 

5 

5.33 

— 

149 

780 

0.004 

0.4 

17.0 

4,500 

1-17-2 

0.068 

3.83 

5 

5.33 

5.13 

201 

1.134 

0.004 

0.7 

20.8 

9.300 

1-18-1 

0.025 

3.83 

5 

5.33 

5.17 

109 

1,725 

0.025 

0.6 

15.5 

2.150 

IU6/3100 

1-14A-1 

50/0/50 

0.046 

3.83 

5 

5.33 

5.17 

160 

1.400 

0.004 

0.5 

23.4 

2,500 

1-19-2 

0.065 

3.83 

5 

5.33 

5.15 

177 
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0.004 

0.8 

28.6 

2,000 

2-16-1 

0.022 

3.83 

5 

5.33 

5.22 
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260 

0.011 

1.0 

9.1 

— 

IM6/F650 
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0/100/0 

0.044 

3.83 

5 

5.33 

5.20 
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1,090 
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0.6 

13.7 

6,000 

2-17-2 
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3.83 

5 

5.33 

- 

177 
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0.005 

0.9 

16.5 

5,800 

2-18-2 

0.023 

3.83 

5 

5.33 

5.20 

75 
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<0.001 

0.5 

11.0 

1.700 

IM6/F6SO 
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50/0/50 

0.043 

3.83 

5 

5.33 

5.15 

IS? 
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0.005 

0.9 

20.3 

1,300 

2-19-2 

0.064 

3.83 

5 

5.33 

5.1? 

166 

1.020 

0.005 

1.1 

19.2 

1.450 

E1W 

1-16-4 

0  024 

3.63 

5 

S.33 

5.24 

114 

630 

<0.001 

8.9 

1.300 

IM6/3100 

1-12A-5 

0/100/0 

0  045 

3.83 

5 

5.33 

5.26 

151 

820 

0.004 

— 

12.5 

12.500 

1-17-5 

0.089 

383 

5 

5.33 

5.17 

198 

1.180 

0.004 

— 

121 

18.000 

1-18-6 

0.025 

383 

5 

5.33 

5.20 

108 

1.440 

0,002 

— 

196 

1.250 

IMG/3100 

1-14A-4 

50/0/50 

0.046 

383 

5 

5.33 

5.1? 

160 

1.520 

0.004 

— 

27.2 

2.100 

1-19-5 

0065 

3.83 

5 

5.33 

5.22 

147 

1.040 

0.004 

— 

18.7 

2.400 

2-16-5 

0  022 

3.83 

5 

5.33 

— 

98 

314 

0.001 

— 

6.1 

700 

IU6/F450 

2-12A-4 

0/100/0 

0.043 

3.83 

5 

5.33 

5.28 

140 

792 

0.004 

— 

9.3 

10,500 

2-17-6 

0.064 

3.83 

5 

5.33 

5.17 

169 

1.070 

0.005 

— 

9.7 

8.600 

2-18-5 

0.022 

3.63 

5 

5.33 

5.20 

88 

1.440 

0.015 

— 

11  7 

650 

IU6/F630 

2-14A-5 

50/0/50 

0  044 

3.63 

5 

5.33 

its 

149 

1,160 

0.004 

— 

20.0 

2.100 

2-19-6 

--■  ■  -  :  ■ 

0.062 

363 

5 

133 

5.1? 

148 

1.110 

0.004 

166 

1.300 

Figure  B4&  Thin  Laminate  impact  Damage  Data  Tabla 


OWMKT 


LVID  SPEC  I  MEM  0#=*T*=* 


MATERIAL  SYSTEM  IM6/3100 
SPECIMEN  I.D.  1-16-2.1 
DROP  CARRIAGE  WT.  3.83  LBS 


THICKNESS  .024  IN 
DRCP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


ACCELERATION 

(g  s) 


"iNL-m _ _  _ _ _ _  . 

0  2  4  6  8 

TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  0»0  q’s  MAXIMUM  ACCELERATION  HI 
INTEGRATED  TOTAL  VELOCITY  175.96  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  1415  UIN/IN 


TIME  (MILLISECONDS) 


Ftgura  8-66.  Panal  1*16*2  First  Impact  Raaponaa  Data 


Spaciman  1-16-2 
Flour#  B-66.  Pantl  1-16-2  C-Soan 


B-71 


CSAI  -  IM6/3100 

PANEL  1-16-2  (RTD) 


(epuosnom) 
[Ni/Nin]  Nivais 


B-72 


Figure  B-69.  Panel  1-16-2  Residual  Compression  Data 


Spacimea  1 - 12A- 1 


Flgura  0*72.  Pawl  1-12A-1  C-5c*n 


(epuoonom) 
[Nl/Nin]  NlVdlS 


B-76 


Flgur*  B-73.  Panel  1-12A-1  Residual  Compression  Data 


LVID  SPEC I MEN  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-17-2 _  THICKNESS  >068  IN 

DROP  CARR  I  ABE  WT.  3.83  LBS  DROP  HEIGHT  16.7 


ACCELERATION  VERSUS  TIME 


. .  - . - -  i - *---  ]  . *-  -- . A  .  . .  * 

0  2  4  6  8  10 

TIME  (MILLISECONDS) 


MINIMUM  ACCELERATION  "10,0  q**  MAXIMUM  ACCELERATION  201  q* 
INTEGRATED  TOTAL  VELOCITY  179,38  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  UIN/1N 


Flgu/a  674  Panal  1*17*2  Impact  Raaponta  Data 


Sp«cim*a  1-17-2 
Flour*  8*75.  P*n*l  1*17*2  C*Sc*n 


B-78 


L.V/  I  E>  SPEC  I  MEiM  O 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D,  1-1 THICKNESS  ,n?g  IN 
DROP  CARRIAGE  UT .  3.3-3  LBS  DROP  HEIGHT  lfi.7  IN 


*«— —  i  i '  . . . . . m *- - - *-f— — i -•  i 

o  2  4  6  8 

TIME  (MILK I SECONDS I 

MINIMUM  ACCELERATION  -13.0  g‘»  MAXIMUM  ACCELERATION  109 

TITH  1  j_-rt  j  .1  •HUB  i.i 


INTEGRATED  TOTAL  VELOCITY  118.51  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


Specimen  1-18-1 

Figure  B-*6.  Panel  M8-1  C-Scan 


B-81 


TIME  (MILL! SECONDS) 

MINIMUM  ACCELERftTIQN_2l^_<_g'»  MAXIMUM  ACCELERATION 
INTEGRATED  TOTAL  VELOCITY  187‘07  IN/SEC 


PANEL  8TRAIN  VERSUS  TIME 


.  1405 

MAXIMUM  STRAIN  UIN/IN 


4  6 

TIME  (MILLISECONDS) 


Figure  B40.  Panel  M4A-1  Fire!  Impact  Response  Data 


LVID 


I  MEN  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D,  1-14A-1.2  THICKNESS  .046  IN 

DROP  CARRIASE  WT.  3.83  LBS  DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION  -5.0  q'a  MAXIMUM  ACCELERATION  157  q’» 

INTEGRATED  TOTAL  VELOCITY  187.78  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  1462  UIN/IN 

Figure  B41.  Pinal  1-14A-1  Second  Impact  Reeponse  Data 

B-84 


Spicimin  1-14A-1 


Flour*  B-62.  Pinal  1-14A-1  C-Scin 


8-85 


CSAI  -  IM6/3100 

PANEL  1-14A-1  (RTD) 


Ui 

a 

OQ 


ID 


X 


(epuosnom) 
[Ni/Nin]  Nivyis 


B-86 


Figure  B-S3-  Panel  1-14A-1  Residual  Compression  Data 


MATERIAL  SYSTEM  XM6/3100 


SPECIMEN  2.D.  1-19-2.1 

■  T .  1 

DROP  CARRIAGE  WT.  3.83  LBS 


THICKNESS  .065  IN 
DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


A  -  i  —  -  -  ,  -r-TT  ■  -M - 1  r - i - mi  -  i  m  i  -  r  m  *  ~  r  -  ---  ~i  -r-  A  ~i - r -  - ,-~A - 

O  2  4  6  a  10 

TIME  (MILLISECONDS) 


MINIMUM  ACCELERATION  MAXIMUM  ACCELERATION  177  q' 

INTEGRATED  TOTAL  VELOCITY  150.25  jn/SEC 


O  2  4  6  8  10 

TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  1250  UIN/IN 


Figure  B-84.  Penal  1-19-2  First  Impact  Raaponea  Data 


LVID 


I  MEM  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-19-2.2  THICKNESS  >065  IN 

DROP  CARR  I  ABE  WT.  3.83  LBS  DROP  HEIGHT  16.7  in 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION  q’a  MAXIMUM  ACCELERATION  172 

INTEGRATED  TOTAL  VELOCITY  179*72  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  1122  UIN/IN 


Figure  B«&5.  Panel  1*19*2  Second  Impact  Raaponaa  Data 

8-88 


r 


Sp«cim*n  1-19-2 
Ffgur*  B-M.  P»n*i  1-19-2  C-Scia 


8-89 


CSAI  -  IM6/31  00 

PANEL  1-19-2  (RTD) 


(spuosnocix) 
[Nl/Nin]  NIVMIS 


8-90 


Figure  B-87.  Panel  1-13-2  Residual  Compression  Data 


LVID  SPEC  I  MEM 

MATERIAL  SYSTEM  IM6/F6S0 

SPECIMEN  IoD.  2-16-1 _  THICKNESS  .022  IN 

DROP  CARRIAGE  MT.  3.83  LBS  DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION  -27.0  MAXIMUM  ACCELERATION  127.8  q’a 

INTEGRATED  TOTAL  VELOCITY  ?6.04  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  283  UIN/IN 


Flours  B4&  Panel  2-16*1  Impact  Response  Data 

B-91 


Specimen  2-16-1 


Figure  B*89.  Ptn«l  2-16*1  C-Sc&n 


(opuoonom) 
[Nl/Nin]  NiV&LS 


VO  zo 


L- V  I  D  SPECIMEN 

MATERIAL  SYSTEM  IM6/F630 

SPECIMEN  I.D.  _  THICKNESS  ,0  44  IN 

DROP  CARRIAGE  NT.  -s.?n  LBS  DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION  -3.0  q‘»  MAXIMUM  ACCELERATION  137  q 
INTEGRATED  TOTAL  VELOCITY  167.2  IN/8EC 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  loe6UlN/lN 


FIqui»  B-91.  Pan*)  2-12A-1  Impact  Raaponaa  Data 
B-94 


(spuoenom) 
[Nl/Nin]  NIVU1S 


B-96 


Flgur«  B-83. 


LVID 


X  MEN  DftTA 


MATERIAL  SYSTEM  IM6/F630 

SPECIMEN  I.D.  2=11=2 _  THICKNESS  tn64  IN 

DROP  CARRIAGE  WT.  LBS  DROP  HEIGHT  t  fi . 7  IN 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION  -10. Q  q‘»  MAXIMUM  ACCELERATION  176.72  q‘9 
INTEGRATED  TOTAL  VELOCITY  162.73  IN/BEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  UIN/IN 

Figure  B-94.  Pune!  2-17-2  Impact  Response  Data 


0 


8-97 


Specimen  1-11-2 
FlQura  B-95.  Panel  2*17-2  C-Scan 

B-98 


CSAI  -  IM6/F650 

PANEL  2-17-2  (RTD) 


Figure  B-96.  Panel  2-17-2  Residual  Compression  Data 


LVID  SPECIMEN  UfikTfk 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.D.  2-18-2 _  THICKNESS  .023  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  16.7 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  U1‘21  IN/0EC 


PANEL  STRAIN  VERSUS  TIME 


Figure  6*97.  Panel  2-18-2  Impact  Reeponsa  Data 


Specimen  2-18-2 


Figur*  B-88.  Panal  2-18*2  C*Scan 


eg  — 


I  I  I  l 


(epuoenoqi) 
[Nl/Nin]  NIViUS 


LVID  SPEC I MEM  DATA 


MATERIAL  SYSTEM  IM6/F6S0 

SPECIMEN  I.D.  2-14A-1 . 1  THICKNESS  .043  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  16.7 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  169.29  xn/SEC 


PANEL  STRAIN  VERSUS  TIME 


Flour*  8-100.  Panal  2-14A-1  Flr*l  Impact  Raapont*  Data 


LV  I  D 


X  MEN  DATA 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.P.  THICKNESS  n/|?  IN 

DROP  CARRIASE  WT.  yqi  LBB  DROP  HEIGHT  1g  7  IN 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION  -5.0  q‘»  MAXIMUM  ACCELERATION  158  O' 


INTEGRATED  TOTAL  VELOCITY  191.44  IN/BEC 


PALEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  1231  UIN/IN 

Ftgura  8*101.  Paital  2-14A-1  Second  Impact  Raaponta  Data 

B-104 


Sp«eimaa  2-14A-1 

Figure  B-102.  Pan*)  2-14A-1  C  Scan 


B-105 


CSAI  -  IM6/F650 

PANEL  2-14A-1  (RTD) 


(epuDonoiy.) 
[Nl/NiD]  NiVaLS 


B- 106 


figure  8-103.  Panel  2-14A-1  Residual  Compression 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.D.  2-19-2. 1  THICKNESS  .064  IN 

DROP  CARRIAQE  WT. _ 3.83 _ LBS  DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


- a - -  * -  -----  -  -  -  — 

0  2  4  6  a  10 

TIME  (MILLISECONDS) 


MINIMUM  ACCELERATION  ~6*0  q  ’■  MAXIMUM  ACCELERATION  166 
INTEGRATED  TOTAL  VELOCITY  166.77  JN/SEC 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  1025  UIN/IN 

FlOur#  B-104,  Pin#)  2-10*2  Flr»l  Impact  R##pon«#  Data 

B- 107 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/F650 
SPECIMEN  I.D.  2-19-2.2 
DROP  CARRIAGE  WT.  3.83  LBS 


THICKNESS _ .064  IN 

DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  -8.0  MAXIMUM  ACCELERATION  1?S 

INTEGRATED  TOTAL  VELOCITY  181-06  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  1042  UIN/IN 


Figure  8-1G5.  Panel  2-19-2  Second  Impact  Reaponse  Date 

8-108 


EM  06.  Panel  2-1 9-2  C-Scan 


M  -  IM6/F650 

PANEL  2-19-2  (RTD) 


9-2  Residual  Compression  Data 


LVID  SPECIMEN 


MATERIAL  SYSTEM  IM6/31Q0 

SPECIMEN  I.P.  1-16-4 _  THICKNESS  .no A  IN 

DROP  CARRIAGE  MT.  3.C3  LBS  DROP  HEIGHT  ]fi.7  IN 


ACCELERATION  VERSUS  TIME 


TIME  <MILLISECONDB) 

MINIMUM  ACCELERATION  0.0  MAXIMUM  ACCELERATION  114  q's 

INTEGRATES  TOTAL  VELOCITY  .179.22  XN/SSC 

PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  528,6  U1N/IN 


Figure  B-108.  Pan*)  M8*4  Impact  Response  Data 
B-111 


CSA 


Figure  B-109. 


LVID 


X  MEN  DftTrf=% 


MATERIAL  SYSTEM  IM&/3100 

SPECIMEN  I.D.  1-12A-  5  THICKNESS  .04  5  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  "4.0  y  •»  MAXIMUM  ACCELERATION  151  q 
INTEGRATED  TOTAL  VELOCITY  187.27  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


( 


MAXIMUM  STRAIN  UIN/IN 


Figure  Parrel  M2A-5  Impact  Raapcnaa  Data 


LVID 


IMEN  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  S.D.  _ _  THICKNESS  _  IN 

- 1—  1  ^—5 -  - rOol) 

DROP  CARRIAGE  WT.  „  _  LBS  DROP  HEIGHT  , „  „  IN 

- &Tiry—  la  »  7 


ACCELERATION  VERSUS  TIME 


-A  ■  •  *  - A - A -  -*• -  r  r  r  «A 

0  2  4  6  S  10 

TIME  (MILLISECONDS) 


MINIMUM  ACCELERATION  ,M  n  q'»  MAXIMUM  ACCELERATION  107  q  q‘a 
INTEGRATED  TOTAL  VELDCIYV  „n  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  1J02UIN/ IN 


Figure  B-112.  Pan*)  1-1 7-5  Impact  Raapona*  Dal* 
B- 115 


CSAI  -  IM6/3100 

PANEL  1-17-5  (ETW) 
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eg 
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(spuosnoqi.) 
[Nl/Nin]  NIVidlS 


1 

□ 


B-116 


Figure  B-113.  Parrel  1-17-5  Residual  Compression  Data 


LVID  BPECI MEM  DATA 

MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-18-6 _  THICKNESS  .025  IN 

DROP  CARR I ABE  MT.  3.83  LBS  DROP  HEIBHT16.7  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  159.68  |N/Q£c 


PANEL  STRAIN  VERSUS  TIME 


Figure  8*114.  Pert*!  1*18-8  Impact  Reaponte  Data 


L_V  I  D  SPEC  I  MEM  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-14A-4 _  THICKNESS  .046  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  16.7 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  ^03 * 45  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


Figure  D-118.  Panel  M4A-4  impact  Reeponte  Date 


bjjq  uojss9jduioo  isnpjsay  v-vfrll  7.1. 18  */n8td 


LVID  SPEC I MEN  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-19-5.1  THICKNESS  -065  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  16.7  in 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION _ g'»  MAXIMUM  ACCELERATION 

INTEGRATED  TOTAL  VELOCITY  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  UIN/IN 


Figiu*  B-118.  Panel  1*18-6  PV4I  impact  Rescue#  Data 

B-i21 


LVID  SPEC I MEM  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.P,  1-19-5,2  THICKNESS  .065  IN 

DROP  CARRIAGE  NT.  3.83  LBS  DROP  HEIGHT  16.7 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  H6.31  jn/sEC 


PANEL  STRAIN  VERSUS  TIME 


Figure  8*119.  Parts  1 1-19-5  Sscond  Impact  Raapona*  Data 


2.5 


(spUD8nOL)l) 
[Ni/Nin]  NlVdlS 


B-123 


L-V3CP  SPECIMEN  DATA 

MATERIAL  SYSTEM  IM6/F&30 

SPECIMEN  I.D.  2-16-5 _  THICKNESS  .022  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  °-°  q‘»  MAXIMUM  ACCELERATION  98  q‘ 
INTEGRATED  TOTAL  VELOCITY  135.15  in/SEC 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  J14  UIN/IN 


Figure  8*121.  Panel  2*16-5  impact  Response  Data 

B- 124 


(apuoenom) 
[Nl/Nin]  Nivyis 


B-125 


Figure  B-122.  Penal  2-16-5  Residual  Compression  Data 


LV  I  D 


X  MEM  D#=%T« 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.D.  2=±ZL:-A _  THICKNESS  IN 

DROP  CARRIAGE  MT.  yg;  LBS  DROP  HEIGHT  lfi  7  IN 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION^^hO^jT*  MAXIMUM  ACCELERATION  140  q'a 
INTEGRATED  TOTAL  VELOCITY  154.29  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 

MAX 


(8M> 


0 

0  2  4  6  8  10 

TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  792  UIN/IN 

Figure  B-123,  Panel  2-12A-4  Impact  Response  Date 

B-126 


B-127 


Residual  Comoression  Data 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM&/F650 

SPECIMEN  I.D.  2-17-6 _  THICKNESS  «064  IN 

DROP  CARRIAGE  WT.  3.83  LBS  DROP  HEIGHT  16‘7  IN 


ACCELERATION  VERSUS  TIME 


- . . - - - - - - . . . . . . .  A - - - - - 1 - J 

0  2  4  6  8  10 

TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  ~ 1 3 ‘ 0  QM  MAXIMUM  ACCELERATION  169  q' 


INTEGRATED  TOTAL  VELOCITY  136  ‘  72  IN/SEC 


PANEL  STRAIN  VERSU8  TIME 


<6189 


MAXIMUM  STRAIN 


UIN/IN 


Figure  B-125.  Panel  2-17-6  impact  Reaponee  Data 

8-128 


CSAI  -  IM6/F650 

PANEL  2-17-6  (ETW) 


I 


i 


(spuosnom) 
[ni/nipi]  NIVH1S 


B- 129 


Figure  6*126.  Panel  2*17*6  Residual  Compression  Data 


LVID  9PEC X  MEM  DATA 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.D.  2-18-5 _  THICKNESS  .0  22  IN 

DROP  CARRIASE  WT.  3.83  LBS  DROP  HEIGHT  16.7  in 


ACCELERATION  VER8U8  TIME 


MINIMUM  ACCELERATION  ~28»°  q’«  MAXIMUM  ACCELERATION  88  q‘ 

INTEGRATED  TOTAL  VELOCITY  61,3  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAX 

- r - 

* 

- 1  . 

. r  . . i - 

- 1 - 

- 1 - 

• 

NO  DATA 

0 

0 

2 

4  6 

8 

10 

TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  H3?  UIN/IN 


Figure  0*127.  Penal  2*18*5  Impact  Raaponaa  Data 

B-130 


in  K)  CM  r-  o 


(epuDsrtom) 
[Nl/Ntn]  NlVdJLS 


8-131 


LVID 


I  MEN  DAT** 


MATERIAL  SYSTEM  IM6/F630 

SPECIMEN  I.D.  2-14A-5 . 1  THICKNESS  .044  IN 

DROP  CARR I ABE  NT.  3.83  LBS  DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  -6.0  q‘m  MAXIMUM  ACCELERATION  149  q 
INTEGRATED  TOTAL  VELOCITY  166.05  IN/QEC 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  1165  UIN/IN 

Figure  8-129.  Panel  2-14A-5  Fire)  Impact  Reeponea  Data 

0-132 


LVID  SPEC I MEM  DATA 


MATERIAL  SYSTEM  IM6/F6S0 

SPECIMEN  I.D,  2-14A-5 ♦ 2  THICKNESS  .044  IN 

DROP  CARRIASE  WT.  3.83  LBS  DROP  HEIGHT  16.7  IN 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION  ~5.0  q '*  MAXIMUM  ACCELERATION  154  g ' 
INTEGRATED  TOTAL  VELOCITY  *78.27  in/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  1212  UIN/IN 


Ftgur*  8-130.  Panal  2-14A-6  Saccnd  Impact  Raaponaa  Data 

8-133 


CSA!  -  IM6/F6 

PANEL  2-14A-5  (ETW) 
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B- 134 


Figure  B-131.  Panel  2-14A-S  Residual  Compression  Data 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM&/F&50 

SPECIMEN  THICKNESS  .nfi,  IN 

DROP  CARRIAQE  NT.  ?  0j  LBS  DROP  HEIGHT  1  7  IN 


ACCELERATION  VERSUS  TIME 


MINIMUM  ACCELERATION  -a . q  g'a  MAXIMUM  ACCELERATION  U6  0 
INTEGRATED  TOTAL  VELOCITY  132,04  IN/SiC 

PANEL  STRAIN  VEnSUG  TIHE 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  1110  UXN/IN 


0 


Figure  8*132.  Panel  2-1 9-6  impact  Response  Data 
B- 135 


B.3  VISIBLE  IMPACT  DAMAGE 


Malarial 

Specimen 

Numhar 

Layup 

TMcknaia 

(In.) 

Impactar 

Waft*! 

(IP) 

NantMl 

Impact 

Eaafpy 

(m 

PattalM 

Impact 

Eiwjy 

(IMP) 

KlMtlC 

Impact 

Eiwfy 

im 

<n*v 

(/tiiT/fn.) 

Oant 

Depth 

d«.) 

Mamina  Pan 
WKUl 

(l«.) 

Residual 

Stranpth 

(hd) 

RatWual 

Strain 

{pln./ln.) 

HTO 

1-12-8 

0.113 

19.47 

60 

63.76 

185 

28.860 

0.200 

2.0 

20.1 

3,300 

IM6/3100 

1-11-8 

10/80/10 

0.222 

19.47 

100 

106.44 

— 

541 

— 

0.083 

5.3 

16.3 

2,700 

1-13-8 

0.448 

19.47 

100 

106.44 

- 

639 

14.320 

0.017 

5.0 

20  2 

3.750 

1-14-9 

0.110 

19.47 

45 

47.86 

44.70 

250 

11.330 

0.118 

1.8 

28.1 

1.750 

IM6/3100 

1-20-8 

50/40/10 

0.224 

19.47 

100 

106,44 

96.96 

205 

20,990 

0.103 

5.3 

23.0 

1.000 

1-15-7 

0.453 

19.47 

100 

106,44 

96.16 

991 

14,090 

0.020 

4.9 

28.6 

2.500 

2-12-9 

0.107 

19.47 

55 

58.57 

52.51 

353 

12.290 

0.096 

5.3 

9.9 

1,600 

IM6/F650 

2-11-9 

10/80/10 

0.216 

19.47 

100 

106.44 

96.16 

607 

20,500 

0.072 

5.6 

12.0 

1.900 

2-13-7 

0.436 

19.47 

100 

106.44 

- 

923 

15,070 

0.028 

5.2 

13.9 

2.700 

2-14-8 

0.112 

19.47 

45 

47.86 

4-4.70 

308 

9,250 

0.090 

5.2 

18.8 

4,850 

IM6/F650 

2-20-7 

50/40/10 

0.218 

19.47 

100 

106.44 

96.16 

402 

11.920 

0.049 

5.5 

16.9 

700 

2-15-8 

0.439 

19.47 

100 

106.44 

96.16 

590 

13.810 

0.030 

5.2 

19.8 

1,450 

ETW 

1-12-12 

0.114 

19.47 

60 

63.76 

57.24 

199 

36,730 

0.130 

14.4 

2.700 

IMS/3100 

1-11-12 

10/80/10 

0.223 

19.47 

100 

106.44 

94.59 

559 

36,540 

0.091 

— 

14.7 

2.500 

1-13-12 

0.452 

19.47 

100 

106,44 

- 

752 

17.070 

0.01? 

— 

14.9 

3.300 

1-14-11 

0.109 

19.47 

45 

61.98 

43.97 

701 

10.730 

0.120 

— 

21.8 

2.450 

IM6/3100 

1-20-11 

50/40/10 

0.225 

19.47 

100 

106.44 

95.3? 

617 

19.830 

0.090 

— 

18.1 

1.750 

1-15-11 

0.462 

19.47 

100 

106.44 

96  96 

1.928 

14.300 

0.020 

21.7 

2,000 

2-12-11 

0.106 

19.47 

45 

47.86 

— 

242 

17.300 

0.110 

— 

9.2 

1.930 

IM6/F650 

2-11-11 

10/80/10 

0.217 

19.47 

100 

106.44 

93.81 

222 

20.090 

0.045 

— 

9.4 

1.200 

2-13-11 

0.431 

19.47 

100 

106:44 

- 

420 

12.240 

0.027 

— 

11.8 

2.300 

2-14-11 

o.no 

19.47 

46 

61.98 

43.73 

430 

17,180 

0.086 

— 

17  3 

1.800 

IM6/F650 

2-20-12 

50/40/10 

0.216 

19.47 

100 

106.44 

— 

701 

17,290 

0.052 

— 

14.2 

600 

2-15-10 

0.440 

19.47 

too 

106.44 

96.16 

181 

12.410 

0.027 

— 

15.6 

1.150 

Figure  B-134.  Visible  Impact  Damage  Data  Table 


QPU40U-1-T 


l_V  I  D 


I  MEM  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.P.  1-12-8 _  THICKNESS  .113  IN 

DROP  CARRIASE  WT.  19.47  LBS  DROP  HEIGHT  39.1  *  IN 


MAX 


ACCELERATION 
(g  '  «) 

MIN 

0  2  4  6  S  10 

TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  -170  ?'•  MAXIMUM  ACCELERATION  185.0 

INTEGRATED  TOTAL  VELOCITY  -67.0  IN/SEC 


MAX 


<§ra> 

0 


MAXIMUM  STRAIN  28861  UIN/IN 

Figure  B*135.  Panel  1*1 2*8  Impact  Response  Data 


PANEL  STRAIN  VERSUS  TIME 


0  2  4  6  8  10 

TIME  (MILLISECONDS) 


B-139 


Specimen  1-12-8 
Figure  B-138.  Panel  1-12-8  C-Scan 


B- 140 


CSAI  -  I M 6/31  00 

PANEL  1-12-8  (RTD) 


(spuosnoqx) 
[Nl/Nin]  NlVdlS 


B-141 


Figure  B-137.  Panel  1-12-8  Residual  Compression  Data 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-11-8 _  THICKNESS  .222  IN 

DROP  CARRIAGE  WT.  19.47  LBS  DROP  HEIGHT  65.6  IN 


MAX 


ACCELERATION 

(g'») 

MIN 


MINIMUM  ACCELERATION  -320  q'«  MAXIMUM  ACCELERATION  541  0 ’ * 

INTEGRATED  TOTAL  VELOCITY  ng.sfi  IN/9EC 


MAX 


<§IB9iH> 

0 

0  2  4  6  8  10 

TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  no  H^t-^JIN/IN 


PANEL  STRAIN  VERSUS  TIME 


; — i - 

- T - 

- 1 - 

- 1 - 

- 1 — ~ 

ACCELERATION  VERSUS  TIME 
i - 1 - 1 - 1 - 1 - r 


O  2  4  6  8  10 

TIME  (MILLISECONDS) 


Figure  B-138.  Panel  1-11-8  impact  Response  Data 

B- 142 


Specimen  1-11-8 
Figure  0*139.  Panel  1*11*8  C*Scan 


B- 143 


CSAI  -  IM6/31  00 

PANEL  1-11-8  (RTD) 


(spuosnom) 

[Ni/Nin]  Nivais 


B- 144 


Figure  B-140.  Panel  1*11-6  Residual  Compression  Data 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-13-8 _  THICKNESS  .448  IN 

DROP  CARRIAGE  WT.  19.47  LBS  DROP  HEIGHT  65.6  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  24 1 . 962 XN/BEC 


PANEL  STRAIN  VERSUS  TIME 


Figure  B-141.  Parrel  1-13*8  impact  Raaponaa  Data 

B- 145 


-.V*  '*• 


>^T  ?$l$w .:» 


H*  -v? 
:* 

^8?  j!A. 


Specimen  1-13-8 
Figure  8*142.  Pent!  1-13*8  C-Scan 


B- 146 


M6/3' 

13-8  (RTD) 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IMA/3100 

SPECIMEN  I.D.  1-14-9 _  THICKNESS  .110  IN 

DROP  CARRIAGE  WT.  19.47  LBS  DROP  HEIGHT29.5  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  25 , 302  JN/SEC 


PANEL  STRAIN  VERSUS  TIME 


Figure  B-144.  Panel  1-14-9  Impact  Response  Deis 


B- 148 


Sp*cim«n  1-14*9 
Ftfliw*  B-145.  P«n#l  1-14-8  C-Sc*n 


8-149 


LVID  3PEC X  MEN  P^TA 

MATERIAL  SYSTEM  IH&/3100 

SPECIMEN  I.D.  1-20-8 _  THICKNESS  *224  IN 

DROP  CARRIAGE  WT.  19.47  LBS  DROP  HEIGHT  65.6  IN 


MAX 


ACCELERATION 
<g  »> 

MIN 


MINIMUM  ACCELERATION  - 4 1 0  MAXIMUM  ACCELERATION  205.00q'm 

INTEGRATED  TOTAL  VELOCITY  -U2.6  XN/SEC 


ACCELERATION  VERSUS  TIME 
t - 1 - 1 - j - 1 - r 


O  2  4~"  ~6  8  10 

TI^  (MILLISECONDS) 


Flflur#  B-148.  Panel  1-20-8  C*Scan 


B-152 


CSAI  -  IM6/3 

PANEL  1-20-8  (RTD) 


Figure  8*149.  Panel  1-20-fi 


LVID  SPECIMEN 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  1-15-7 _  THICKNESS  .453  IN 

DROP  CARRIAGE  WT.  19.47  LBS  DROP  HEIGHT  65,6  IN 


ACCELERATION  VERSUS  TIME 


PANEL  STRAIN  VERSUS  TIME 


Flgw*  B-150.  Panel  1*15*7  Impact  Raaponaa  Data 
B-154 


Specimen  1-15-7 
Floor*  B-151.  P*n*l  1-15-7  C-Sc*n 


B- 155 


LVID 


X  MEM  DATA 


MATERIAL  SYSTEM  IM&/F630 

SPECIMEN  I.D.  2-12-9 _  THICKNESS  -107  IN 

DROP  CARRIAGE  WT.  19.47  U58  DROP  HEIGHT  36*1  IN 


ACCELERATION  VERSUS  TIME 


■A*.*..— — rnm mmMwmmtom, mmm mmrnmmmmm immimmmmmmi m mm  —  -...r,  . Aw— 

0  2  4  6  G  10 

TIME  <M ILL I SECONDS' 


MINIMUM  ACCELERATION  ~*2S  q»»  MAXIMUM  ACCELERATION  3S3.20q>, 

INTEGRATED  TOTAL  VELOCITY  -184 .82;N/g£c 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  12294  UIN/IN 


Figure  8*153.  Panal  2*12*8  Impact  Raaponaa  Data 
B- 157 


Specimen  2-12-9 


Figure  B-154.  P*n*l  2-12-8  OScan 


8-158 


CSAI  -  IM6/F650 

PANEL  2-12-9  (RTD) 


•lira  uofssvjdtuoo  t*npi**H  8*21*2  l*u*d  SSl-8 


UV  I  D 


I MEN  DATA 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.P.  2-11-9 _ 

DROP  CARRIAGE  WT.  19.47  LBS 


THICKNESS  .216  IN 
DROP  HEIGHT  65.6  IN 


ACCELERATION  VERSU8  TIME 


ACCELERATION 


MINl - . - 1, . .  » . J 

0  2  4  6  8  10 

TINE  (MILLISECONDS) 

MINIMUM  ACCELERATION  -363  q’»  MAXIMUM  ACCELERATION  607 .QQq-, 

INTEGRATED  TOTAL  VELOCITY  32.599  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


Specimen  2-11*9 
Flgura  8*157.  PvmI  2*11*9  C-Scan 


8-161 


1-9  fiasfdus)  Compression  Data 


LVID  SPECIMEN 


MATERIAL  SYSTEM  IM6/F&50 

SPEC IMEN  I . D .  2=12^1  TH 1 CKNE5S  .4^  I N 

DROP  CARRIAGE  WT.  ig,47  LBS  DROP  HEIGHT  6 5.6  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  253.27  IN/SEC 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  15068  UIN/IN 


Figure  B*159.  Panel  2*13*7  Impact  Raapona#  Data 

B- 163 


CSAI  -  IM6/F650 

PANEL  2-13-7  (RTD) 


(apuoanoMx) 
[Nl/Ntfl]  NiV&LS 


B- 165 


Figure  8-161.  Pane!  2-13-7  Residual  Compression  Data 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I.D.  2-14-8 _ _  THICKNESS  «112  in 

DROP  CARRIAGE  WT.  19.47  LBS  DROP  HEIGHT  29.5  in 


ACCELERATION  VERSUS  TIME 


MAX 


ACCELERATION 


MIN 


0  2 

MINIMUM  ACCELERATION  ~372,8 
INTEGRATED  TOTAL  VELOCITY  " 


4  6  8 

TIME  (MILLISECONDS) 

Q't  MAXIMUM  ACCELERATION 

w  « 

36,27]IN/8EC 


10 


308 


o'* 


PANEL  STRAIN  VERSUS  TIME 


„  „  TIME  (MILLISECONDS) 

9248 

MAXIMUM  STRAIN  UIN/1N 


Figure  8*162.  Panel  2-14*6  Impact  Reaponae  Data 

B-166 


Figure  B-1S4.  Panel  2-144  Residual  Compression  Data 


LVID  SPEC I MEM  DATA 


MATERIAL  SYSTEM  IM6/F630 

SPECIMEN  I.D.  2-20-7  THICKNESS  ,218  IN 

DROP  CARRIAGE  WT.  19.47  LBG  DROP  HEIGHT  65.6  IN 


ACCELERATION  VERSUS  TIME 


tl  ■  II.  . . III. -  >1  ■  —  ,  >. 

0  2  4  6  8  10 

TIME  (MILLISECONDS) 


MINIMUM  ACCELERATION  -161  Q*»  MAXIMUM  ACCELERATION  402.34q'e 

INTEGRATED  TOTAL  VELOCITY  69.964  IN/8EC 


0  2  4  6  8  10 

TIME  (MILLISECONDS) 


MAXIMUM  STRAIN  11919  UIN/IN 


Figure  B-195.  Panel  2*20*7  Impact  Response  Data 
8-169 


Specimen  2-20-7 
Figure  B-166.  Panel  2*20*7  C-Scan 


B-170 


CSA1  -  IM6/F650 

PANEL  2-20-7  (RTD) 


(apuosnom) 
[Nl/Nin]  NlVdiS 


8-171 


Figure  B-167.  Panel  2-20-7  Residual  Compression  Data 


LVID  SPEC I MEN  DATA 


MATERIAL  SYSTEM  IM6/F630 

SPECIMEN  I.D.  _  THICKNESS  IN 

DROP  CARRIAGE  NT.  1Q  A7  LBS  DROP  HEIGHT  fit; .  s  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  256  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  13606  UIN/IN 

Flame  B-1M.  Panel  MM  Impact  Response  Data 


B-172 


Specimen  2-15-8 
Figure  B- 169.  Penel  2-15-8  C-Scen 


B-173 


CSAI  -  IM6/F650 

PANEL  2-15-8  (RTD) 


(apuoanom) 
Cni/nio]  NIV81S 


0-174 


Figure  B-170.  Pans!  2-15-8  Residual  Compression 


LVXD  SPEC I MEM  DATA 


MATERIAL  8V8TEM  IMA/3100 

SPECIMEN  I.D.  1-12-12 _  THICKNESS  • 114  IN 

DROP  CARRIAGE  WT.  19*47  |_BS  DROP  HEIGHT  39«3  IN 


ACCELERATION  VERSUS  TIME 


m* - - -A-  -- - -  -  *•-- . - . — . . . . . * . - . 

0  2  4  6  0  10 

TINE  (MILLISECONDS) 


MINIMUM  ACCELERATION  -190  q‘a  MAXIMUM  ACCELERATION  199 »° 
INTEGRATED  TOTAL  VELOCITY  2.6016iN/g£C 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  9TRAIN  36732  (JIN/ IN 

Flpura  8*171.  Pan*)  1*12*12  Impact  Raaponaa  Data 
B-175 


CSAI  -  IM 6/3 100 

PANE.  1-12-12  (ETW) 


(OPUDBHGMX) 
[Nl/Nin]  NlVdJLS 


8-176 


Figure  B-172.  Pm naJ  1-12-12  Raaidual  Compraatlon  Data 


LVID  SPECIMEN  DATA 


MATERIAL  8VSTEH  IM6/3100 

SPECIMEN  I.D.  IzllZll _  THICKNESS  ,223  IN 

DROP  CARRIAGE  WT.  19*47  LBS  DROP  HEI6HT  65‘ 6  IN 


ACCELERATION  VERSUS  TIME 


0  2 

MINIMUM  ACCELERATION  ~435 
INTEGRATED  TOTAL  VELOCITY 


4  b  S 

TIME  (MILLISECONDS) 

_ g  '•  MAXIMUM  ACCELERATION 

H9.99  in/SEC 


10 

558. 59g. 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  36545  UIN/IN 


Figure  B-173.  Panel  MM2  Impact  Raaponaa  Data 


ocncoN(otn^nc\4«-a'<-c'j  u. 

-  I  !  u~ 


(epuoanom) 
[Nl/Nin]  NIVULS 
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Figure  8*174. 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IMA/3100 

SPECIMEN  I.D.  1-13-12 _  THICKNESS  .452  IN 

DROP  CARRIAGE  WT.  19.47  LBS  DROP  HEISHT  65.6  IN 


ACCELERATION  VERSUS  TIME 


INTEGRATED  TOTAL  VELOCITY  323.14  JN/8EC 


PANEL  STRAIN  VERSUS  TIME 


Figure  B*17Sk  Panel  1*1 3*12  Impact  Ratponsa  Data 
B- 179 


w 


N  (O  if)  ^  fO  W 


(spuDsnom) 

[Ni/Nin]  Nivyis 


# 


8-180 


LVID  S 


I  MEN  DATA 


MATERIAL  SYSTEM  IMA/ 3 100 

SPECIMEN  I.D.  1-14-11 _  THICKNESS  .109  IN 

DROP  CARRIAGE  WT.  19.47  LBS  DROP  HEIGHT  38.2  IN 


ACCELERATION  VERSUS  TIME 


TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  -415  MAXIMUM  ACCELERATION  701.17q*« 

INTEGRATED  TOTAL  VELOCITY  50.093  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


0  2  4  6  S  10 

TIME  (MILLISECONDS) 


MAXIMUM  STRAIN  10729  UIN/IN 


Flflur*  8-177.  Partal  1 -14-11  Impact  Raaponst  Data 


B-181 


(apuosnoqj.) 
[Nl/NID]  NlVdlS 


U- V  I  D  SPEC  I  MEM  D*VT« 


MATERIAL  SYSTEM  IM6/3100 

SPECIMEN  I. D.  1-20-11 _  THICKNESS  .225  IN 

DROP  CARRIAGE  NT.  19.47  LBS  DROP  HEIGHT  65.6  IN 


ACCELERATION  VERSUS  TIME 


0  2  4  6  8  10 

TIME  (MILLISECONDS) 


MINIMUM  ACCELERATION  -330  q '•  MAXIMUM  ACCELERATION  617.19q'» 
INTEGRATED  TOTAL  VELOCITY  -61 .751IN/SEC 


PANEL  STRAIN  VERSU8  TIME 


0  2  4  t  S  10 

TIME  (MILLISECONDS) 


MAXIMUM  STRAIN  19829  UIN/ IN 


Flour#  B-179.  Pan#l  1-20*11  Impact  Raapona#  Data 
B- 183 


CSAI  -  I M  6/3 100 

PANEL  1-20-11  (ETW) 


(spuDenom) 
[Nt/Ntn]  NlVdlS 


B-184 


Figure  B-180.  Panel  1-20-11  Residual  Compression  Data 


LVID  SPEC  X  MEM 

MATERIAL  SYSTEM  IM6/f6C0 

SPECIMEN  I.D.  1-15-11 _  THICKNESS  ,452  TN 

DROP  CARRIAGE  WT.  19,47  LBS  DROP  HEIGHT  65,6  IN 


MAX 


ACCELERATION 

MIN 

TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  ~145Q  Q a  MAXIMUM  ACCELERATION  1927,7q ' 
INTEGRATED  TOTAL  VELOCITY  269,12  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  14299  UIN/IN 


Figure  B-181.  Pant!  1*16*11  Impact  Raaponaa  Data 

B- 185 


CSAI  -  IM6/31 00 

PANEL  1-15-11  (ETW) 


UJ 

Q 

CD 


(spuoonom) 

[Ni/Nin]  Nivais 


8-186 


Figure  B-182.  Panel  1-15-11  Residual  Compression  Data 


LVID 


X  MEN  DATA 


MATERIAL  SYSTEM  IM6/F650 


SPECIMEN  I.D. 


THICKNESS 


DROP  CARRIAGE  NT. 


DROP  HEIGHT 


ACCELERATION  VER8UB  TIME 


ACCELERATION 
(g  •) 


I  2  3 

TIME  (MILL I SECONDS) 


MINIMUM  ACCELERATION  -179  <i‘*  MAXIMUM  ACCELERATION  242.00  Q'* 

INTEGRATED  TOTAL  VELOCITY  -319.42 IN/BEC 


PANEL  STRAIN  VERBUB  TIME 


2  3  4 

TIME  (MILLISECONDS) 


MAXIMUM  STRAIN  17303  UIN/IN 


Figure  B-183.  Panal  2*12*11  Impact  Raaponaa  Data 
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M  -  IM6/F650 

PANEL  2-12-11  (ETW) 
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[Nl/Nin]  NIVfcLLS 
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net  2*12*11  Residual  Compression  Data 


LVID 


I  MEM  DATA 


MATERIAL  8Y8TEM  IM&/F650 

SPECIMEN  I.D.  2-11-11 _ 

DROP  CARRIAGE  WT.  19.47  i_BS 


THICKNESS  >217  IN 
DROP  HEIGHT  65 • 6  IN 


ACCELERATION  VERSUS  TIME 


0  2 

MINIMUM  ACCELERATION  -97 


8 


10 


4  6 

TIME  (MILLISECONDS) 

MAXIMUM  ACCELERATION  222t oqq 


INTEGRATED  TOTAL  VELOCITY  60.749  jn/BEC 


PANEL  STRAIN  VERSUS  TIME 

MAX 


<818901, 


0 

0  2  4  6  8  10 

TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  20090  U1N/IN 

Figure  8*185.  Panal  2*11*11  Impact  Rstponu  Data 
0-189 


CSA!  -  IM6/F650 

PANEL  2-11-11  (ETW) 


0 


Figure  8-186.  Panel  2-11-11  Residue)  Compression  Data 


LVID  SPECIMEN 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.D.  2=12rJJ  THICKNESS  .477  IN 

DROP  CARRIAGE  WT.  10.47  LBS  DROP  HEIGHTfis.fi  IN 


ACCELERATION  VERSUS  TIME 


TIME  (MILLIGECONDS) 

MINIMUM  ACCELERATION -702.7  g‘a  MAXIMUM  ACCELERATION  4  20  g'a 
INTEGRATED  TOTAL  VELOCITY  273 . 73  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  12237  UIN/IN 

Figure  8*187.  Panel  2*13.11  Impact  Response  Data 

B- 191 


LVID  SPEC X  MEN  DATA 


MATERIAL  SYSTEM  IM6/F&50 

SPECIMEN  I.D.  2-14-11 _ 

DROP  CARRIAGE  WT.  19.47  LBS 


TH I CKNESS  .HQ  I N 
DROP  HEIGHT  38.2  IN 


ACCELERATION  VERSUS  TIME 


0  2  4  6  8  10 

TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  -172  Q '»  MAXIMUM  ACCELERATION  430. OOD^ 


INTEGRATED  TOTAL  VELOCITY  33.010  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


MAXIMUM  STRAIN  17185  UIN/tN 

Figure  B-180.  Panel  2-14-11  Impact  Response  Data 
B- 193 


Residual  Compression  Data 


LVID  SPECIMEN  DATA 


MATERIAL  SYSTEM  IM&/F650 

SPECIMEN  I.D.  2-20-12 _ 

DROP  CARRIA0E  WT.  19.47  Lgg 


MAX 


ACCELERATION 
<9  a) 


MIN 

0  2  4  6  8  10 

TIME  (MILLISECONDS) 

MINIMUM  ACCELERATION  ~165  Q'*  MAXIMUM  ACCELERAT ION  7Q1‘17q'a 

INTESRATED  TOTAL  VELOCITY  l82*59  IN/SEC 


ACCELERATION  VERSUS  TIME 


THICKNESS _ *216 _ IN 

DROP  HEIGHT  65,6  IN 


PANEL  STRAIN  VERSUS  TIME 


0  2  4  h  8  10 

TIME  (MILLISECONDS) 


MAXIMUM  STRAIN  17288  UIN/IN 


Figure  B-181.  Panel  2*20*12  Impact  Response  Data 
B-195 


CSAI  -  IM6/F650 

PANEL  2-20-12  (ETW) 


Figure  B-192.  Panel  2-20-12  Residual  Compression  Data 


LVXD  SPEC I MEM  DATA 


MATERIAL  SYSTEM  IM6/F650 

SPECIMEN  I.D.  2-15-10 _  THICKNESS  .440  IN 

DROP  CARRIAGE  WT.  19.47  UBS  DROP  HEIGHT  65.6  in 


ACCELERATION  VERSUS  TIME 


-  .  *  ■  *  ‘ . -  ‘ 

0  2  4  6  9  10 

TIME  (MILLISECONDS) 


MINIMUM  ACCELERATIONj2L__9 '*  MAXIMUM  ACCELERATION  181.00  g‘» 

INTEGRATED  TOTAL  VELOCITY  -3 . 0295  IN/SEC 


PANEL  STRAIN  VERSUS  TIME 


TIME  (MILLISECONDS) 

MAXIMUM  STRAIN  12406  UIN/IN 


Figure  6*193.  P«n«l  2*15*10  Impact  Response  Data 

B- 197 


CSAI  -  IM6/F650 

PANEL  2-15-10  (ETW) 


B-198 


Figure  B-194.  Panel  2-15-10  Residual  Compress! 


